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XXXVIIL-The Actiost of Light o n  Phosphorus and some of the Pro- 
perties of Amorphous Phosphorus. 
By ALEXANDER PEDLER, F.I.C. 
THAT ordinary phosphorus when exposed to the action of light 
under water for  a considerable period becomes coated with a reddish 
and more or less opaque layer is a fact which has long been known. 
The first explanation which was given of Che chttngc was that a 
snboxide of phosphorus, P,O, was formed, but when amorphous or 
red phosphorus was discovered, and its properties worked out by 
Schrotter, the explanation of this change of colour of phosphorus was 
simple, and it was then believed that no such compound as P,O 
existed. Recently, however, it seems to have been proved by 
lteinitzer and Goldschmidt (Ber., 13, 848) that P,O does exist, and its 
properties are described by them. Schriitter therefore appears to have 
been the first t o  prove the formation of red phosphorus from ordinary 
phosphorus by the action of light, and he also extended his observations 
t o  the action of heat on ordinary phosphorus, and showed that it had 
the same effect as light. Since this discovery, amorphous phoBphorus 
has been prepared on a commercial scale by the action of heat on 
ordinary phosphorus, but even with all the improvements in manu- 
facture, it does not seem possible to convert the wliole of the orclinary 
phosphorus into the amorphous allotropic form, and such processes as 
treating the mixture of the two allotropic forms of pbosphorus with 
carbon bisulphide, or of boiling it with solution of potassic or  sodic 
hydrate have to be resorted to, i n  order. to dissolve away the ordinary 
phosphorus from the aniorphous phosphorus, the latter being un- 
affected by these reagents. 
Red phosphorus is thus described by Schriitter (" Gmeiin's Che- 
mistry," 2,109) : " Amorphous phosphorus thus obtained (that is, by 
the action of heat: or of light) is a soft powder destitute of crystalline 
structure, uarying in C O ~ O U C  between carmine and scarlet, sometimes 
even of a blackisLi-brown. tint. When heated in a, liquid, it becomes 
darker, and after some time acquires a deep violet colour. Amorphous 
phosphorus . . . by repeated distillation is converted into ordi- 
nary phosphorus . . . the change takes place a t  260" C." 
Another of the properties of amorphous phosphorus that may be 
noted is that it is easily dissolved by nitric acid, &c. But although 
the properties of amorphous phosphorus are thus described, the state- 
ments as to properties vary considerably in different text-books, 
original memoirs, &c. 
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600 PEDLER:  THE ACTION OF LIGHT ON PEIOSPIIORUS, 
It is well known that a third variety of phosphorus has been 
described as metallic or rhombohedral phosphorus. It was prepared 
by Hittorf by heating phosphorus with metallic lead to a temperature 
approaching redness for 10 hours, after which the metallic lea>d was 
dissolved out by dilute nitric.adid, &c. The description of this kind 
of phosphorus is : " Metallic phosphorus is a brightly lustrous dark 
crystalline mass, which in  thin plates possesses a red colour, and 
consists of microscopic rhombohetira . . . . i t  appears to con- 
duct electricity bekter*than the amorphous variety, and it requires to 
be heated to a temperature o'f 358" before it is convertea into ordinary 
phosphorus. This variety is also formed when amorphous phos- 
phorus is heated under pressure to a temperature of 580" " (Troost and 
Hautefeuille ; Roscoe and Schorlemmer, "'Treatise on Chemistry," 
1, 472). 
The following is then a very brief comparison of some of the dis- 
tinctive properties of these three forms of phosphorus as generally 
given :- 
Ordinary phosphorus. Amorphous phosphorus. 
Slightly yellow or almost 
colourless 
Crystalline* 
Soluble in carbon bisul- 
phide 
Soluble in sodic or potassic 
hydrate solution 
Easily oxidieable in air 
Melts at  4'. Boils at  290" 
Prom scarlet or red to 
almost violet colour 
Amorphous 
Insoluble in carbon disul- 
phide 
Insoluble in sodic or po- 
tassic hydrate solution 
Stable in air 
Reverts to ordinar? phos- 
phorus at 260" 
Rhombohedral, G r  metallic 
phosphoi-us. 
Yellow to deep red coloLtr, 
metallic lustre. 
C r p  talline (rhombohedral ). 
Insoluble in carbon bisul- 
phide. 
Insoluble in sodic or po- 
tassic hydrate solution. 
-Stable in air. 
Formed a t  high tempera- 
tures only, such as 580°, 
and re-forms ordinary 
phosphorus at  358". 
The following experiments form part of a considerable series which 
had been undertdken to test the effect of strong sunlight on a variety 
of substances. The experiments dh ich  \will be described may be 
divided into several groups, the first of which will be experiments 
made in sunlight and a t  ordinary temperatures. It ismeedless to  say 
that although single experiments are described in each case, the ex- 
periments have been repeated and confirmed. It will probably be 
only necessary to describe one of these experiments in detail to show 
* For forms of crystals see W. D. Hermann, Ber., 6, 1415. 
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the method of working and the results ; the remaiping experiments in 
this section will subsequently be briefly g i w n  in tabular form. 
A clear, almost saturated solution of phosphorus in carbon bisul- 
phide was sealed up in a glass tube, so t h a t  the tube was almost, filled 
with the liquid. I n  the dark, the solution showed absolutely no 
change, and remained transparent. It was exposed to the direct 
light of a tropical sun a t  Calcutta on April 16,1887, and within a few 
minutes a yellowish-red precipitate commenced to deposit on the 
sides of the tube, and the whole of the interior was soon covered." 
The daily exposure to sunlight was contiuud till May the 4th, when 
the tube was opened. The solution still showed a considerable 
amount of unchanged phosphorns. The precipitated phosphorus 
was washed with carbon bisulphide, and with a mixture of carbon 
bisulphide and alcohol. A bright red powder was thus obtained, 
which, on rnicroscopio.examination, was found to consist of particles 
about half of which were of a bright sulphur-yellow colour, and the 
remainder of a bright red. This sample of allotropic phosphorus ap ~ 
1)eared to be fairly permanent in the air, and even after standing f o r  
several days in a hot moist atmosphere, it remained practically un- 
changed. The powder wm also quite unaffected by such solvents 
a s  water, alcohol, ether, benzene, carbon. tetrachloride, and carbon 
b isul phide. 
On the other hand, however, the red powder was readily diesolved 
in a warm dilute solution of sodic hydrate with evolution of gaseous 
phosphuretted hydrogen, but t'he gas evolved wad not spontaneously 
inflammable. Some of this allotropic phosphorus was tested in a, 
fusing-point tube up  to 305", but it showed no tendency to revert to  
ordinary phosphorus, noi= did it show any sign of charige whatever. 
Heated cautiously in a bulb tube, a yellow. sublimate was obtained, 
and the yellow sublimate was soluble imwarm sodic hydrate solution. 
It was also partially soluble in carbon bisulphide, and this solution 
contained ordinary phosphorus. The yellow insoluble portion when 
heated in air burnt like ordinary phosphorus. I n  the bulb a bright 
red residue was left, which remained permanent a t  a rather high 
temperature, and which, on examination under the microscope, showed 
110 yellow particles a t  all. The red particles were also less soluble in  
warm sodic hydrate solution than the original allotropic phosphorus. 
* A. Lallemaiid (Compt. rend., 70, 182; also Watts's Diet. Chem., 2nd Suppl., 
957)) in describing a similar experiment, says that a solution oE sulphur in carbon 
bisulphide is much more quickly changed into the allotropic variety of sulphur than 
the solution of phosphorus in carbon bisulphide is changed. The reverse to this 
has been found to be the case in a great number of experiments which have been 
made at Calcutta, and t h e  solution of phosphorus in carbon bisulphide is much more 
sensitive to tropical sunlight than B soiutioii of sulphur in carbon bisulphide. 
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602 PEDLER: THE ACTION OF LIGHT OS PHOSPHORUS, 
Exposure to Strong Tropical Sunlight at Ordinary Tenaper&ures. 
A. Solutions of Phosphorus i r b  Liquids containing n o  Oxygen, 09- wdlL 
no Oxy.gen present. 
Eolution or condition 
of phosphorus. 
Solution of ordinary 
phosphorus in  car- 
bon bisulphide 
Solid phosphorus in 
dprengel vacuum 
Solid phosphorus with 
a little iodine in 
Sprengel vacuum 
Solid phosphorus with 
iodine in  Sprengel 
vacuum 
Solution of phospho- 
rus in carbon bisnl- 
phide with a little 
iodine 
Solution of phosplio- 
rus in  carbon bisul- 
phide with a smoll 
quantity of PBr, 
Solution of phosphorus 
in  phosphorus fri- 
chloride 
Solution of phospho- 
rus in benzene 
Solut,ion of phosphorus 
in  chloroform 
~~~ 
Period of 
exposure. 
18 days.. . . 
27 d a p . ,  . . 
21 days.. . . 
2 month8 
(May .and 
June, hot- 
test months 
of Indiaii 
A few days.  
Year) 
Some days.. 
1 month.. , . 
1 month.. . . 
1 month.. . . 
Description of properties of allotropic 
phosphorus formed. 
Bright red powder, consisting of red and 
yellow particles mixed ; fairly permanent in 
air ; insoluble in  alcohol, ether, benzene, 
carbon tetrachloride, &c. Acted on bj- 
wsrm dilute solution of soda with evolution 
of phosphine (not self-inflammable). DOW 
not revert to ordinary pho3phorus a t  305". 
Brick-red powder, consisting of red and yel- 
low partictles, some being translucent, anti 
allowing a sulpkur-yellow and ruby-rcci 
light to  pass through. Insoluble iii  usual 
reagents, soluble in  warm soda solution w i t h  
evdutiun of phoupliine. L)oaes not revert t8u 
ordinary phosphorus at  300". 
Brick-red powder, consisting of many trans- 
lucent particlcs of sulphur - yellow ant1 
orange-rcd, and Borne of bright red colour. 
Easily attacked by warm dilute soda solu- 
tion, phospliinc coming off in abundance. 
Dark-red powder, consisting principally of 
t r a lisp arc n t and apparently cry s t a1 line, rct 1 
particles, wit,h a few transparent sulphiir- 
yellow particles. Fairly easily soluble in 
hot solution of soda with evolution of phot- 
phine. 
At first bright yellow precipitate, gradually 
darkening, on  lengthened exposure, to  i i  
bright red, many of the particles of whicli 
were transparent, and of red and yellow 
colour. Moderately easily soluble in  hot 
solut.ion of soda with evolution of phos- 
phine. 
After one hour's exposiire, briglit sulphur- 
yellow preeipitake only: after two hours 
more, the precipitate had becorne orange, 
but  the allotropic phosphorus did not fur- 
ther darken. 
Brighf orange powder consisting of a large 
proportion of transparent, yellow particles, 
and of a few transparent, reddish particles. 
Slowly soluble in  warm solution of soda wit,li 
evolution of phosphine. 
Orange-coloured powder insoluble in carboil 
bisulphide, &c. Insoluble in sodic cnrbonatc 
solution, but  soluble in  warm solution of 
soda w i t h  evolution of phosphine. 
Bright gellowish-orange precipit,ate. I n  tlli5 
case t,he particles appeared amorphous under 
the microscope, and no crystalline Etructure 
could be detected. Soluble in warni solu- 
tion of soda with evolution oil phosphine. 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
18
90
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f I
da
ho
 L
ib
ra
ry
 o
n 
31
/1
0/
20
14
 1
0:
24
:2
7.
 
View Article Online
AND PROPERTIES O F  AMORPHOUS PHOSPHORUS. 603 
A. Xolutions of Phosphorus izz  Liquids containing no Oxygen, 01’ with. 
n o  Oayyen present-continued. 
Solution or condition 
of phosphorus. 
Solution of phosphorus 
in turpentirie 
Period of 
exposure. 
1 month.. . . 
Description of properties of allotropic 
phosphorus form ecl. 
At first no allotropic phosphorus formed, hilt 
after a month a small quantity of yellow 
allotropic phosphorus WRS produced ; tli ic 
was easily soluble in warm solution of SOCILL 
with evolution of phospliine. 
The above experiments, it will be seen, were all made a t  the 
ordinary temperature of the air, and in strong direct sunlight, apd the 
general result of these was, that  a mixture of red and yellow coloured 
particles of phosphorus, many of theni transparent and with ft 
tendeccy to  show crystalline structure, was obtained ; this phos- 
phorus was quite insoluble in carbon bisulphide, but soluble in hot 
dilute sodic hydrate solation with evolution of phosphuretted 
hjdrogen. 
An attempt was made to  obta,in only the yellow form by working 
with diffused daylight, and the following is a description of one of 
the experiments :-A small qumtity of 1)hosplrorus bromide m a s  
mixed with a solution of phosphorus in carbon bisulphide, and placed 
in a sealed tube so that only a minute bubble of air was left a t  the 
top. The tube was exposed to strong diffused daylight, but so that 
tile direct rays of the sun could not fall upon it, when a bright 
sulphur-yellow precipitahe appeared. On standing a day or t w o  
under similar conditions, the colour of the precipirated phosphorus 
changed to orange. It was thought that the actiou was going on too 
rapidly and perhaps a t  too high a temperature, so the tube was immersetl 
in a large cylinder filled with cold water. The separated phosphorus 
continued to darken in colour under the influence of light for some 
months, till it became a bright red. The precipitated phosphorus 
was purified in the ordinary way, and under the microscope it showed 
a mixture of transparent and perhaps partially cr7stalline particles, 
and also of amorphous particles. Many of the transparefit particles 
were of a bright yellow coloar, and of the amorphons some were 
bright yellow and others red. With dilute sodic hydrate solution, a 
small quantity of phosphuretted hydrogen was evolved in the cold. 
and, on boiling, thc whole of the substance readily dissolved. Thus j t  
would appear that the first form of phosphorus insoluble in carbon 
bisulphide is of a yellow colour, and that the more slowly the allotropic* 
phosphorus is formed by the action of light, the more readily i t  is 
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664 PEDLER: THE ACTION O P  LIGHT O N  PHOSPHORUS, 
acted on by sodic hydrate solution. The experiment, also appears to 
indicate that as the particles of allotropic phosphorus grow larger, 
they deepen in colour. 
In  the above experiments on the formation of allotropic phos- 
phorus, it will be noticed that either solutions of phosphorus in 
liquids containing no oxygen have been used, or that the experiments 
have been made in suchaa way as to prevent the possibility of any 
oxygen combining with the phosphorus. In a few other cases, solu- 
tions of phosphoi-ns in liquids containing oxygen have been used with 
the following results :- 
Zxposure t o  S tyong Tropica 1 Szmlig7zt at OrdirLary Temperatures. 
B. Solu t ions  of Phosphorus in Liquids conta in ing  Oxygen .  
Solution or condition 
of phosphorus. 
Solution of phosphorus 
in mixture of carbon 
bisulphide and alco- 
hol 
Solution of phosphorus 
in ether 
Eolut,ion of phosphorus 
in valeric acid 
Solution of phosphorus 
in  amyl alcohol 
Period of 
exposure. 
29 months.. 
1 month.. . . 
1 month.. . . 
1 monthr. . . 
Description and properties of allotropic 
phosphorus (if any) formed. 
Orange - scarlet powdcr containing a few 
bright yellow, transparent part ichles, t lie 
greater number being of a red-orange colour 
and somewhat opaque. Somewlist easily 
soluble in warm solution of soda with evo- 
lution of phmphine. 
Bright yellow powder, of which many par- 
ticles were quite transparent. Insoluble in 
carbon bisulphide, cesily soluble in hot 
dilute solution of soda with evolution of 
phosphine. 
No allotropic phosphorus formed, but an oily 
liquid was contained in the vderic acid in 
which. phosphorus was present, probably in 
oxidised state. 
No allotropic phosphorus formed. Oxidi,sed 
phosphorus appeared. to be present in the 
amyl alcohol, 
The general result of these experiments is, therefore, that solutions 
of ordinary phosphorus in  liquids containing oxygen, on exposure to 
light, show a tendency for the phosphorus to combine with the liquid 
containing oxygen, and that allotropic phosphorus cannot be looked 
for with any certainty. 
All the above experiments having been made at the ordinary tem- 
perature of the air, the production of allotropic phosphorus a t  higher 
temperatures was tried. The following are some of the results :- 
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Ezposure t o  Tropical Xunlight at Higher Temperatures or  to High Tern- 
perature alone. 
Solution or condition 
of phosphorus. 
Ordinary phosphorus 
in  Sprengel vacuum 
Ordinary phosphorus 
in Sprengel va(mu111 
Solution of phosphorus 
in carbori bisul- 
phide with phos- 
phorus tribromide 
added 
Ditto 
Solution of phosphorus 
in  carbon bisulphide 
with a little iodine 
added 
Solutionof phosphorus 
in carbon bisulghide 
Ditto 
Ilitto 
DlttO 
Tempera- 
ture, &c. 
Phosphorus 
boiling i n  
vacuo in  
stinlight 
Kept in  the 
form of r a -  
pour in! 
sunlight 
looo . , . . . . . 
200" to 210O. 
looo . * . . . . . 
looo . . . . . . . 
150 O . . .  .. .. 
200" . . . , . . . 
230° . . . * . . . 
Description and propert,ies of allotropic 
phosphorus formed. 
At  first yellow sublimate, but colour rapidly 
darkening to red. The  allotropic phos- 
phorus consisted of bright, glistening, orange- 
red particles, most of them being quite 
transparent ; some were sulphur-yellow, and 
others orange, and the particles appeared 
crystalline. Insoluble in carbon bisulphide. 
Very slowly acted on by boiling soda solu- 
tion. 
I n  this experiment the sun's rays were con- 
centrated on the phosphorus vapour by a 
large lens. Bright scarlet powder, cont'ain- 
ing no yellow particles, but  orilv transparent 
orange-red and red particles like plates, 
which had a very distinct action on polar- 
ised light, the  particles appearing distinctly 
crystalline. Very slowly acted on by hot 
soda solution. 
Xo allotropic phosphorus formed. 
Yellow allotropic phosphorus. Acted on by 
hot solution of soda with evolution of phos- 
phine. 
Bright orange-red allotropic phosphorus, con- 
sisting of a mixture of yellow and orange- 
red particles. Slowly acted on by hot solu- 
tion of soda. 
Yo allotropic phosphorus. 
Ditto 
Ditto 
Bright  oracge-red glistening powder, con- 
sisting of transparent particles of red to 
orange colour, and apparently of crystalline 
natilre ; also acting strongly on polurised 
light. Very slowly soluble in  hot solution 
of soda with evolution of phosp'tline. 
The general result of these experiments is, thereforz, that the allo- 
tropic phosphorus obtained by the action of moderate heat only, or 
with the addition of light, from ordinary phosphorus is generally 
distinctly darker in colour than that obtained a t  low temperatures, 
and tha t  it is also less easily acted on by dilute hot solution of sodic 
hydrate. 
The propert,ies of the allotropic phosphorus obtained in the above 
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606 PEDLER: THE ACTION O F  LIGHT O X  PHOSPHORUS, 
experiments have been carefully compared with the properties of 
many samplcs of commercial amorphous phosphorus, and with those 
of rhombohedra1 or metallic phosphorns, as obtained by Hittorf's 
process. I n  the course of these experiment., it has been found that 
some of the properties of amorphous phnsphorus, as described in 
text-books, are rather misleading. Some of these points are as 
follows :- 
The term amorphous phosphorus itself appears to be misleading, 
and practically incorrect, and from the careful microscopic exnmina- 
tion of eiglit samples of amorphous phosphorus, some obtained from 
England, and some fi*orn Germany, it has been shown that in all tlic 
samples examined the great bulk of the powder consists of trnnspa- 
rent, ruby-red, more or less crystalline particles, which have a decided 
action on polarised light, indicating that most probably they are not 
amorphous. By careful elutriation, commercial amorphous phosphorus 
can be divided into a very fine powder, of very decided rcd colour, 
a,nd into almost black, shining particles. The latter, under the micro- 
scope, are pract'ically all transparent, giving a ruby-red light, and 
seem to be crystalline in nature, from their action 011 polarised light. 
I n  the finer powder the crystalline fo rm is not so well  marked, but 
many of the particles are transparent, allowing a ruby-red light to 
pass through, and they also act fairly strongly on polarised light. 
The red powder, when heated with dilute sodic hydrate solution, 
yields slight, but distinct, amounts of phosphuretted hydrogen, and 
tlie same powdei., after having been much more finely powdered and 
treated with ithe same solution oE sodic hydrats, yielded a larger 
amount of phosphnretted hydrogen. The dark, more or  less crystal- 
line particles yield no phosphuretted hydrogen 011 bring boiled wit11 
a solution of sodic hydrate of tlie same strength as used in the last 
experiment, but after these coarser particles had been powdered 
extremely finely, and the very finely divided powder treated with the 
same solution as before, namely that with which the coarse powder 
had previously refused to give phosphnretted hydrogen, a rather large 
amount of phosphuretted hydrogen was evolved. At  the same time 
the action of powdering the coarse particles was to render the almost 
black colour a distinct red-brown. The action of sodic hydrate solu- 
tion on the so-called amorphous phosphorus, therefore, is evidently, to 
a certain extent, dependent on the state of division of the phosphorus 
though ordinary commercial amorphous phosphorim is supposed to be 
imacted on by sodic hydrate solution, as the latter is used as a method 
of purifying it from ordinary phosphorus. It might be said that ordi- 
nary phosphorus may have been present in the amorphous phosphorus, 
but this point was carefully enquired into, and absolutely no ordi- 
nary phosphorus could be detected. The methods used were solutioii 
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by caybon bisulphide, and also heating the amorphous phosphorus in a 
vacuum to a moderate teniperaturc for long periods, when ordinary 
phosphorus, if present, would have sublimed as in Hermann's experi- 
ments ( B e y . ,  6, 1415). 
Another property of amorphous phosphorus is said to be that a t  
a temperature of 260°, i t  is converted, or  begins to be converted, 
into ordinary phosphorus. The following experiments were made on 
this point :-Seven samples of commercial amorphous phosphorus, 
some from England and some obtained from Germany, and one 
sample of rhombohedra1 phosphorus, were heated a t  3V5-310" for 
two hours. No signs of any change could be detected in the phos- 
phorus. The same eight samples were heated in  a bath of melting 
lead (temperature 326"), and n o  change could be detected. The same 
eight samples were heated in the vapour of boiling mercury for a 
short time (temperature 357*25"), and no change could be detected ; 
but when heated in the vapour of boiling sulphur (temperature 445"), 
it was found that although the samples of phosphorus did not appear 
to  undergo any reversion, yet a certain amount of vapour passed away 
from the surfaces, which vapour was oxidised on coming in contact 
with air. The boiling point of ordinary phosphorus is said to be %go", 
so that the temperatme of the bath in  this instance was about 155" 
above the boiling point of ordinary phosphorus. 
It will also have been noticed in the case of several of the samples 
of allotropic phosphorus made by the action of light, that  these were 
unchanged by exposure to temperatures of about 305". 
Experiments of similar nature were made with the so-called amor- 
phous phosphorus in  vacuous tubes, SO arranged that the phosphorus 
was heated while the upper part of the tube was kept cool. The 
phosphorus was kept at 100" €or three or four days, when no change 
took place in the phosphorus, nor was any ordinary phosphorns sub- 
limed. The phosphorus was then kept for  two days at  200-210", and 
again no change ensued. Tlie amorphous phosphorus in a vacuum was 
next exposed to the vapour of boiling sulphuric acid (temperature 327") 
for between four and five hours, and no change took place in the 
phosphorus, nor was any ordinary phosphorus sublimed. Next tlic 
amorphous phosphorus was heated in a bath of the vapour of boiling 
mercury (357.25") for two hours and a quarter, when a very small 
amount of ordinary phosphorus was sublimed, but the amount so 
produced wa9 not more than about one-twentieth of the amount used. 
A temperature of 445" was also used by a bath of boiling sulphur for  
a period of three hours, and under these circumstances about one-fiftli 
of the amorphous phosphorus underwent change, and sublimed as 
ordinary phosphorus into the cool part of the tube. It may, 
therefore, be concluded that either in a vacuum, or at the ordinary 
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pressure, there is no change whatever of arnorphous into ordinary 
phosphorus a t  260" as ordinarily stated, and that there is no practical 
change up to temperatures of nearly 358O, after which in a vacuum a 
feeble change commences, by which the vapour of ordinary phosphorus 
is evolved, but this change, even up to 445", is exceedingly slow. 
It may also be remarked that the behnviour of metallic or rhombo- 
hedral phosphorus is exactly similar to that of amorphous phosphorus 
under these circumstances, for the temperature at which.rhombohedra1 
phosphorus begins to change is stated to be 358". 
Amorphous phosphorus is alss>generally stated to be quite perma- 
nent in the air. Thus Roscoe and Schorlemmer say (" Treatise on 
Chemistry," 1, 470), " This substance (red phosphorus) can be 
exposed to the air for years without undergoing any alteration." It 
is, however, known that some samples of amorphous phosphorus 
become damp on exposure to  air, and Groves (Phnrrn. J. Trans. [el, 6, 
643 ; and Watts's Dict. Chem., Suppl., 934) has shown that tbe oxida- 
tion may sometimes go on to a considerable extent. In  text-books, 
however, the oxidation of amorphous phosphorus is referred to the 
presence of ordinary phosphorus, and thus Roscoe arid Schorlemmer 
ngairi say (p. 471), " All the commercial amorphous phosphorus, 
however, contains traces of the white modification, and this under- 
goes oxidation in the air, so that the mass always has an acid 
reaction, owing to the formation of phosphorous and phosphoric acids." 
I n  a, very hot and very moist climate, like that of Calcutta, where all 
these experiments have been made, the rapid change or oxidation of 
commercial a,morphous phosphorus is a very familiar phenomenon. 
The experiment has been tried with the same sample of phosphorus 
four times in succession, by allowing the sample to oxidise, then 
removing the oxidised products by careful washing, then drying, and 
on standing, oxidation has recommenced as stated above on four suc- 
cessive occasions. This in itself is probably a sufficient proof that 
the cause of the oxidation is not to be found in the small quantity of 
ordinary phosphoruq which might have been present in the amor- 
phous phosphorus as at first manufactured, for the successive oxida- 
tion would require a fresh exi3tence of ordinary phosphorus i n  each 
case. In  order to set the question a t  rest, samples of very carefully 
purified amorphous phosphorus have been takeii, in which no trace of 
ordinary phosphorus could be detected, and which had been allowed 
to oxidise once, and the oxidised products removed, and yet when 
exposed to the moist climate of Calcutta in loosely corked tubes, they 
have become moist, and decidedly acid in reaction within the short 
space of six days only. 
To show the extent to which such oxidation may proceed, two 
samples of commercial amxphous phosphorus, practically free from 
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any ordinary phosphorus, were allowed to oxidise in very loosely- 
stoppered bottles for about three years. A t  the end of this period 
the amount of osidised phosphorus was determined. I n  the first 
case, of the original weight of 55.3 grams of amorphous phosphorus, 
9.3 grams had oxidised, or 17.1 per cent. of the original amount; 
and in the second case, 63.8 grams of amorphous phosphorus had 
yielded 9% grams of oxidised phosphorus, equalling 15.4 per cent,. of 
the original weight. The acid liquids in both cases only contained 
phosphorus and phosphoric aci’ds, and no hypophosphorus or hypo- 
phosphoric acids could be detected. The relative amounts of phos- 
phorous arid and of phosphoric acid in the acid liquids formed on 
oxidation of amorphous phosphorus do not appear t o  be fixed, and 
they were as nearly a s  possible ‘10 parts of phosphorous to 43 parts of 
phosphoric acid in the first case, and 10 parts of phosphorous to 75 
parts of phosphoric acid in the second ease. 
It has been noticed in these and similar cases of oxidation of 
amorphous phospliorus, that  the oxidation appears t o  go on steadily, 
notwithstanding that the amorphous phosphorus is eovered over with 
the solution of the two acids, and, therefore, presnrnably kept from 
actual contact with the oxygen of the air. To test whether this is 
bhe case, and whether the amorphoas phosphorus really does continue 
to  change under these circumstances, the following experiments have 
been made :- 
Some commercial amorphous phosphorus which 
had been exposed to the air for more than two years, and which had 
thus undergone a large amount of oxidation, during which any 
ordinary phosphorus which map originally have been present must 
have been oxidised, was very carefully purified by washing with 
water till frae from all acidity, and then dried. 1.4290 grams of 
this pure, dry red phosphorus were digested in a flmk loosely covered 
with a watch-glass, at a temperature of about 6Q0, with a rather con- 
centrated solution of orthophosphoric acid. The digestion was 
allowed to go on for 12 days, and throughout the whole period a 
strong odour of phosphoretted hydrogen was evolved. After the 
12  days’ digestion, the red phosphorus was washed and weighed, and 
found to be only 1.3913 grams. There had thus been a loss of 2.64 per 
cent. of the original weight. ‘The phosphoric acid solution was found 
to contain distinct amounts of phosphorous acid, but no hydrophos- 
phorous acid. The following reaction would indicate how phos- 
phorus can act on phosphoric acid with the production of phosphorous 
acid and phosphoretted hydrogen :-3H3P04 + 6H,O + I?, = 6H,P03 
+ PH3. 
To fiirther test th i s  action, and to prove that the 
loss in weight of the red phosphorus did not depend on any oxidation 
Experiment 1. 
Experiment 2. 
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due to the presence of air in the reaction, some of the purified red 
phosphorus was sealed up in  a tube with a known quantity of a 
rather dilute solution of orthophosphoric acid. 100 C.C. of the 
original phosphoric acid which contained 1.1 796 grams of P205, after 
digestion with the pure red phosphorus a t  100" for seven days, con- 
tained an amount of phosphorus equal to 1.1916 grams of P,O,, and 
the solution also contained distinct amounts of phosphorous acid. 
There had thus been, even in the absence of air, a distinct action of 
red phosphorus on dilute solution of phosphoric acid, and an increase 
equal to about 1 per cent. had taken place in the weight of the P,O, 
present. It is clear then that red phosphorus can reduce phosphoric 
to phosphorous acid, aiid, as the latter can itself oxidise to  phosphor*ic 
acid, it is possible that in the oxidation of red phosphorus, in the 
cases above alluded to, oxidation and deoxidation go on continually, 
or, if such a simile or analogy may be used, then the oxidation of red 
phosphorus in the air may be compared with the oxidation of iron in 
the air. 
It was thocght desirable to test whether ordinary 
phosphorws had a similar power of reducing phosphoric acid, and 
pieces of clean ordinary phosphorus were placed in sealed tubes with 
dilute solutions of phosphoric acid of known' strength. Two experi- 
ments were started, one in which the tube containing the phosphorus 
was heated a t  100" for seven days, and in  which case the small surface 
of the melted phosphorus only was exposed to  the action of the liquid, 
while in  the second case the action was allowed to go on for  eighk 
days at about 30" to 35", the phosphorus being first melted, and then 
the tube violently agitated until the phosphorus solidified in very 
minute globules, thus exposing a very large surface to the action of 
the phosphoric acid. In both cases the phosphoric acid used con- 
tained 1.1796 grams P,O, in 100 C.C. I n  the first case, after the action, 
of the small surface of ordinary phosphorus on the dilute phosphoric 
acid for seven days at loo", the liquid contained in 100 C.C. 1.1820, 
grams P205, showing that i n  this case the action was extremely feeble, 
while, further, no distinct trace of phosphorous acid could be cle- 
tected in theliquid. I n  the case where the action took place with the 
ordinary phosphorus in a finely-divided state for eighb days,, 100 C.C. 
of the liquid contained 1.2148 grams of Pz05, showing that in this 
case there had been very decided &ion. The solution also was found 
to contain distinct amounts of phosphorous acid. 
Some of the purified commercial amorphous phos- 
phorus used in  the previous experiments was also digested in distilled 
water a t  about 60°, and although the digestion was continued for a 
week, during the whole period a decided smell of phosphoretted 
hjdrogen was evolved, and, at the end of the time, the watery soh-  
Experiment 3. 
Experiment 4. 
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tion contained diatinct amourits of the acids of phosphorus, and gave 
a considerable precipitate with the molybdate test. The watery solu- 
tion, after the week’s digestion, yielded no less than 0.0148 gram of 
Mg,P,07, equivalent to  0.00413 gram of phosphorus. The weight of 
the purified red phosphorus used in the experiment was 0.7924 gram, 
and thus 0.53 per cent. of the phosphorus had been acted on, and 
passed into solution. 
Experiment 5. As in  the last experiment, also, it might be ob- 
jected that the oxidation was due to the fact of the experiment being 
made in the air, 0.5638 gram of purifie& red phosphorus was digested 
a t  100” in a sealed tube with 25 C.C. of water for six days. The weight 
of the red; phosphorus was then found to be 0*55996gram, and there 
had, therefore, been a loss of 0.69 per cenh. The watery solution also 
contained oxidised phosphorus, and, with the molybdate test, a, very 
distinct precipitate was obtained. 
These experiments, therefore, would tend to show that so far from 
the so-called amorphous phosphorus being the inert and stable sub- 
stance it is usually supposed to be, on the contrary, it  is rather prone 
to change ; it easily oxidises, and, also, it has a distinct power of‘ 
deoxidising such compounds as phosphoric acid, &c. 
I n  the foregoing descriptions, the properties of the allotropic phos- 
phorus produced by the action of light only, that produced a t  moder- 
ate temperatures, and the comniercial form of aniorphons phosphorus, 
which is made a t  decidedly high teinperatures, have been cornpared 
with one another. Specimens of rhombohedra1 or metallic phosphorus 
have also been prepwed, and their properties compared with those of 
the other forms. The metallic phosphorus used has been prepared by 
two processes : first, that of dissolving ordinary phosphorus in lead 
a t  high temperatures, a s  described by Hittorf, and the second pro- 
cess, wliicli appears to answer equally well, or perhap3 rather bstter, 
by projecting dry commercial amorphous phosphorus in small quanti- 
ties a t  a tiroe into melted lead, kept a t  a rather high temperittare, the 
lead being subseqnentlg remored, and the metallic phosphorus ex- 
tracted in the manner recommended by Hittorf. The general pro- 
pcrties of this form of phosphorus, as described by Hittorf, are given 
i n  “ Watts’s Dictionary of Chemistry,” 2nd Suppl., p. 993. It is 
unalterable in the air, and the crystals formed on the siirfitce of tbe 
lead “ are very thin, mostly bent, and transversely striated, whereby 
they acquire the aspect of rows of prismatic crIstals ; they are 
yellowish-red by transmitted light. The crystals enclosed in the 
mass of lead . . . . have a black-violet colour, and appear 
under the microscopic as rhombohedrons, nearly approaching the 
cube,” &c. Tbe specimens of metallic o r  rhombohedra1 phosphorus 
prepred  in these ways, when examined uuder the  microscope, showed 
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that most of the particles were rather darker than those of ordinarg 
commercial amorphous phosphorus, but some of the particles were 
also of a light colour. The fact that many of the particles of rhom- 
bohedral phosphorus are rather dark, may be almost expected when it  
is considered that they are crystallised from metallic lead, and when 
it is known that traces of metals will confer a dark colour on ordinary 
phosphorus (Blondlot, Compt. rend., 70, 856). The particles of 
metallic phosphorus are acted on by polarised light in a manner 
precisely similar to the forms of phosphorus produced from the ordi- 
nary variety, either by the action of light or  heat, and to the ordinary 
commercial amorphous phosphorus. When the crystals of rhombo- 
hedral phosphorus, after careful purification from ordinary phos- 
phorus, are heated with dilute sodic hydrate solution, extremely Rmall 
quantities of phospburetted hydrogen are given off. It was, however, 
also found that the same sample, after having been extremely finely 
divided by powdering, when heated with the same strength of sodic 
hydrate solution, yielded somewhat larger amounts of phosphuretted 
hydrogen ; but still the quantity was very small. 
It will thus be seen that in colour these crystals of rhombohedra1 
phosphorus vary in a manner somewhat similar to that found in the 
case of the ordinary red phosphorus. Under the action of heat, 
metallic phosphorus also behaves in a manner practically -similar to 
allotropic phosphorus. Sodic hydrate solution also acts on the 
varieties i n  a somewhat similar manner, the extent of the action 
apparently being dependent greatly on the state of division of the 
allotropic phosphorus ; the very finely-divided particles of phosphorus 
obtained by the slow action of light, being vigorously acted on, and 
the larger and denser particles, obtained by the action of heat, being 
much less vigorously acted on. Similarly, also, the colour of the 
allotropic phosphorus seems to be, to a great extent, dependent on 
the size of the particles, for  whilet in small particles, or  when in 
thin layers, the allotropic phosphorus produced is yellow, the particles, 
on increasing in size, pass apparently through the shades of orange 
to red, and finally to a very dark colour. 
No sample of so-called amorphous phosphorus, prepared in the 
various ways, as stated previously, has possessed wholly the pro- 
perties of a true amorphous body, but all the methods of preparation, 
whether by the action of heat or light, yield a substance which is 
more or less transparent, and perhaps crystalline in its nature. So, 
also, all the numerous samples of commercial amorphous phosphorus 
examined appear to be distinctly of a crystalline nature. It might be 
said that the definite crystalline form of phosphorus in this condition 
should be capable of being determined, but phosphorus generally, in 
respect t o  crystallisation, appears t o  be an abnormal body, as was 
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found by Hermann (Ber., 4,1415). It would, therefore, appear that the 
term amorphous phosphorus, applied to the substance, is a distinct 
misnomer, and, so far from commercial amorphous phosphorus con- 
stituting a separate allotropic modification of this element, the 
conclusion arrived at from the work detailed in this paper is that 
the so-called amorphous phosphorus is really the same as the 
allotropic form called rhombohedra1 or metallic phosphorus, the very 
slight differences in character noticed between the substances in 
question being explained by the difference in the state of division 
and the slight differences in property due to  their mode of formation. 
Whether the term amorphous phosphorus, also, can be truly applied 
t o  the forms of allotropic phosphorus, made by the action of light, is 
open to grave doubt; for, even in these cases, there sppear to be dis- 
tinct evidences of crystalline form, though it is true tha t  a form of 
phosphorus which appeared to be amorphous was obtained in some of 
the experiments. Practically, however, it is believed it would be 
better to altogether discard the use of the term " amorphous" 
phosphorus. 
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